Bathymetric Changes along Tottori Sand Dune Coast by Kimura, Akira & Ohno, Kenichi
5㧝㧚ߪߓ߼ߦ
 ⪺⠪ࠄߪ2004ᐕ4᦬ࠃࠅ㠽ข⍾ਐᶏጯߢቯᦼ⊛
ߥ㧔1 ᣣ 1 ࿁㧕᷹ⷰࠍ㐿ᆎߒ㧘⚂ 5 ᐕߩ࠺࡯࠲ࠍ߽
ߣߦᶏጯ߅ࠃ߮ᶏᐩ࿾ᒻߩᄌൻߦߟ޿ߡᬌ⸛ࠍ⛯ߌ
ߡ޿ࠆ㧚᷹ⷰߪਥߣߒߡࡆ࠺ࠝࠞࡔ࡜ߦࠃࠆ᠟ᓇߣ
GPS ߦࠃࠆ᷹㊂ࠍታᣉߒߡ޿ࠆ㧚ࡆ࠺ࠝ↹௝ߪ
ARGUS ᴺߦࠃࠅ⸃ᨆࠍⴕߞߡ޿ࠆ㧚ߎߩᣇᴺߪ࡝
ࡕ࡯࠻࠮ࡦࠪࡦࠣߩ㧝ᚻᴺߢ޽ࠅ㧘⎈ᵄߦ઻ߞߡ⊒
↢ߔࠆ᳇ᵃߩ㊂ߣ↹௝ߩノᐲߩ㑐ଥ╬ࠍ↪޿ߡᶏᐩ
࿾ᒻߥߤࠍផቯߔࠆᛛᴺߢ޽ࠆ㧚ౕ૕⊛ߦߪߚߣ߃
߫ᢙಽ㑆ㅪ⛯᠟ᓇߒߚ࠺ࠖࠫ࠲࡞ࡆ࠺ࠝ↹௝ࠍߔߴ
ߡ㊀ߨวࠊߖ㧘ᐔဋൻߒߡ૞ᚑߒߚ↹௝ࠍ↪޿ߡᬌ
⸛ࠍⴕ߁ᣇᴺߢ޽ࠆ㧚ߎߩᣇᴺߪ 1940 ᐕઍ㧘ߔߢߦ
Wiegel [1]ࠄࠃߞߡේℂ⊛ߥᬌ⸛ߪ㐿ᆎߐࠇߡ޿ߚ
ࠃ߁ߢ޽ࠆ߇㧘ᧄᩰ⊛ߥ⎇ⓥߪ 20 ᐕ߶ߤ೨߆ࠄ㐿ᆎ
ߐࠇߚ(Lippmann ࠄ [2]㧘Stockdon ࠄ [3])㧚⃻࿷㧘
ࠝ࡟ࠧࡦᎺ┙ᄢ㧘࠺࡞ࡈ࠻᳓ℂ㧘࠾ࡘ࡯࡮ࠨ࠙ࠬ࠙
ࠛ࡞࠭ᄢ㧘࡝ࡃࡊ࡯࡞ᄢ㧘ᚒ߇࿖ߢߪ࿖࿯੤ㅢ⋭㧔㋈
ᧁࠄ[4 - 6]㧕ߩࠣ࡞࡯ࡊߦࠃࠅ⛮⛯⊛ߥ᷹ⷰ࡮⎇ⓥ߇
ⴕࠊࠇߡ޿ࠆ㧔࿖࿯੤ㅢ⋭ߪਛᱛ㧕㧚
2. 㠽ข⍾ਐᶏጯߢߩ᷹ⷰߣ↹௝ಣℂ

౮⌀1 ARGUS ↹௝
㠽ข⍾ਐᶏጯߩᶏᐩ࿾ᒻߩᄌൻ

ᧁ᧛ ᤩ࡮ᄢ㊁⾫৻
㠽ขᄢቇ␠ળၮ⋚Ꮏቇኾ᡹࡮㠽ขᄢቇ✚วࡔ࠺ࠖࠕၮ⋚࠮ࡦ࠲࡯
Bathymetric Changes along Tottori Sand Dune Coast 
Akira KIMURA and Kenichi OHNO*1
Department of Management of Social Systems and Civil Engineering 
Tottori University, Tottori, 680-8552, Japan 
E-mail: kimura@sse.tottori-u.ac.jp 
*1 Information Media Center, Tottori University 
Abstract: The present study deals with a short-term change of an offshore bar topology along Tottori coast during 5 years 
(2004-2009). This coast has a multiple offshore bar system. An inner bar lies around 100m offshore and an outer bar lies between
250m and 500m offshore. The outer bars have crescentic feature with an offshore convexity. Wave lengths of the outer bar are 
500m ̱ 1000m and shows small yearly change. The shore line has a cusping feature. Their wave lengths are 300m ̱ 450m. Inner 
bars also show crescentic feature in winter. The wave length ratio of cusp and inner bar to outer bar is roughly 1: 1:2. In early 
winter, amplitude of the outer bar reduces and in the late winter, it grows again. The difference reaches to 100m. This change 
seems corresponding to the integrated incident wave energy.  
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3 ᐕ 7002 ࠄ߆᦬ 4 ᐕ 4002 ࠍ୯ߩ ߣ ߪ 6࿑
಴ߩᶉᵄ㜞ߦᦼᄐ㧚ࠆ޽ߢߩ߽ߚߒ࠻࠶ࡠࡊߢ߹᦬
ߺ⺒ࠍ㐳․ߥ߁ࠃߩᰴߨ߻߅߅㧘߇޿ߥዋ߇ᢙ࿁⃻
ᄢ߇୯ߩ ߪߦᦼ౻㧘ߜࠊߥߔ㧚ࠆ᧪಴߇ߣߎࠆߣ
㆐⊒ߩ╭ọߩᓟࡓ࡯࠻ࠬ 4⌀౮
11
㠽 ข ᄢ ቇ ᄢ ቇ 㒮 Ꮏ ቇ ⎇ ⓥ ⑼㧛Ꮏ ቇ ㇱ ⎇ ⓥ ႎ ๔ ╙㧠㧜ภ 
౮⌀5 ọ╭ߩ⊒㆐㧔2004 ᐕ㨪2005 ᐕ㧕
౮⌀6 ọ╭ߩᶖṌ㧔2005 ᐕ㧕
21
 ൻᄌߩᒻ࿾ᐩᶏߩጯᶏਐ⍾ข㠽㧦৻⾫㊁ᄢ࡮ᤩ ᧛ᧁ
߽ 㧚ߊߠㄭߦ୯ߩ ߡߒዋᷫߪߦᦼᄐ㧘ࠅߥߊ߈
ะ௑ࠆߔേ⒖ߦ஥ᴒߜࠊߥߔ㧚ࠆߔടჇಽᐞߪᦼ౻
ߒ㧚ࠆߊߡ޿ߠㄭߦጯಽᐞߡߌ߆ߦᦼᄐ㧘ࠇࠄ⷗߇
ߩߎ㧚޿ߥߪߣߎߊߠㄭߦጯࠅࠃ m 05 ࠄ߆✢᳜ߒ߆
㧘߇޿㐳ࠅߥ߆ߪ㑆ᦼࠆߥߣ ߪᦼ౻߽ߢጯᶏ
߹㧚ࠆ޽ߢ߹߹ߚߞ଻ࠍಲಳߦ߁ࠃߩ 5⌀౮ߪᎺ⍾
ߥߦ⁁✢⋥߇Ꮊ⍾ࠈߒ߻ߪߢᦼᄐࠆߥߣ ߚ
ߣ࡞࠺ࡕߩࠄ᧛⍾ߪጯᶏข㠽ߦ߁ࠃߩߎ㧚ࠆߊߡߞ
㧚ߔ␜ࠍ㐳․ࠆߥ⇣
㐳ᶖߩࡊࠬࠞ .7
᳜ߩ㑆ߩߢ߹᦬ 3 ᐕ 7002 ࠄ߆᦬ 4 ᐕ 4002 ߪ 7࿑ 
㧚ࠆ޽ߢߩ߽ߚߒ␜ࠍൻᄌߩ᏷ᝄߩࡊࠬࠞߚࠇ⃻ߦ✢
ᐕ 5002㧘m 04 ߇᏷ᝄߪߦᐕ 5002̱ᐕ 4002㧘ࠅࠃ࿑
߇ᒻ࿾ࡊࠬࠞߥ⊛ቯ቟ߩ m05 ߪߦᦼ౻ߩᐕ 6002̱
m 03 ߪߦᦼ౻ߩᐕ 7002 ࠄ߆ᐕ 6002㧘߇ࠆ޿ߡࠇ⃻
㧚ࠆ޿ߡߒ㄰ࠅ➅ࠍṌᶖ࡮⃻಴ߩ㑆ᦼ⍴㧘ࠅ޽ߢਅએ
1㧘߇ߚߞ߹ᆎ߇ᚑᒻߩࡊࠬࠞߪߦ㗃᦬ 21 ߪ౻ߩߎ
㐳ᵄߪߦᓟએࠇߘ㧘ࠅ޽߇ࡓ࡯࠻ࠬߥ߈ᄢߦᣨ਄᦬
ࠗࡖࠫߥ߁ࠃߩᐕ 2 ෰ㆊ㧘߇ߚࠇ⃻ߪࡊࠬࠞ޿⍴ߩ
㧚ߚߞ߆ߥࠇ⃻ߪࡊࠬࠞ࠻ࡦࠕ
ߒ࠻࠶ࡠࡊࠍ㜞ᵄ⟵᦭ဋᐔᣣߩ㑆ᐕ3 ෰ㆊߪ8࿑
㒢ࠆ⷗ߦ࿑㧚㧕?=ข㠽㧦ࠬࠔࡈ࠙࠽㧔ࠆ޽ߢߩ߽ߚ
߇ᶉᵄ㜞ߦ߁ࠃߩᐕ଀߽ᦼ౻ߩᐕ 7002̱ᐕ 6002 ࠅ
Ყߦᐕ 2 ෰ㆊߪ㐳․ߩᵄߩᐕߩߎߛߚ㧚ࠆ޿ߡࠇ⃻
ߩߎ㧚ࠆ޽ߢὐࠆ޿ߡߒ⃻಴ߦ⊛ᰳ㑆߇ᶉᵄ㜞ߡߴ
߇ࡊࠬࠞߪߦᤨᶉᵄ㜞ߩᦼ౻㧘߼ߚࠆߔ⸛ᬌࠍ޿㆑
߁޿ߣࠆߔṌᶖ߇ࡊࠬࠞߪߦᤨⓏ㕒ߩᦼᄐ㧘ߒ㆐⊒
Ḱၮࠆ޽߇࡯ࠡ࡞ࡀࠛᵄߩᤨᶉᵄ㜞㧘ࠍᨐ⚿ߩ෰ㆊ
ߥߦਅએࠇߘ㧘ߒ㐳ᚑ߇ࡊࠬࠞߦว႐ߚ߃⿥ࠍ ୯
ᵄߩᐕ 2 ෰ㆊߡ޿↪ࠍ୯ߩᰴߡ߃⠨ߣࠆߔ⴮ᷫߣࠆ
㧚ߚߞⴕࠍセᲧߣᶉ
⟵ቯߩ Xh ߣ Xb 7⌀౮
  
  
 

O


                                                           
G V C F
D : 
J : 
㔌〒ߩߢ߹Ꮊ⍾ࠄ߆✢᳜ࠆߌ߅ߦ⟎૏ߩ nroh ߣ yab 6࿑
0 5
0 4
0 3
0 2
0 1
0
m(
)
1 0 / 1 0 / 7 0 0 2 1 0 / 1 0 / 6 0 0 2 1 0 / 1 0 / 5 0 0 2
e t a d
᏷ᝄߩࡊࠬࠞߩ᦬ 3 ᐕ 7002㨪᦬ 4 ᐕ 4002 7࿑
Xb
Xh
13
14
ᧁ᧛ ᤩ࡮ᄢ㊁⾫৻㧦㠽ข⍾ਐᶏጯߩᶏᐩ࿾ᒻߩᄌൻ 
ߩ୯߇Ⴧടߒᆎ߼ߡ޿ࠆ㧚ߎࠇߦኻߒߡ 2006 ᐕ
ߪჇട௑ะ߇⷗ࠄࠇߥ޿㧚2004 ᐕ̱2005 ᐕߩ౻ᦼߪ
ࠞࠬࡊ㧔٨ශ㧕ߩᚑ㐳ߩᣇ߇ ߩჇടࠃࠅ⚂ 2 ㅳ㑆
߶ߤᣧ߼ߦ⃻ࠇߡ޿ࠆ߇㧘2005 ᐕ㨪2006 ᐕߩ౻ᦼߦ
ߪࠞࠬࡊߩ⊒㆐ߣ ߣߪ⦟޿ኻᔕࠍ␜ߒߡ޿ࠆ㧚߹
ߚ 2006 ᐕ㨪2007 ᐕߩ౻ᦼ߽ਔ⠪ߩኻᔕߪ⦟ᅢߢ޽
ࠆ㧚
 ౮⌀5㧘6 ߦ⷗ࠄࠇࠆࠃ߁ߦ㧘ࠞࠬࡊߣᴒߦ⊒↢
ߔࠆ⍾Ꮊߩಳಲߪኻᔕߔࠆ㧚2006 ᐕ߆ࠄ 2007 ᐕߩ
౻ᦼߦ߽ࠞࠬࡊߩᝄ᏷ߪዊߐ޿߽ߩߩ㧘࿑6 ߦ⷗ࠄ
ࠇࠆࠃ߁ߦ㧘⍾Ꮊߪᄢ߈ߊᴒ஥ߦಲᒻ⁁ߦߥߞߡ޿
ࠆߎߣࠍ␜ߒߡ޿ࠆ㧚ߒ߆ߒߎߩᦼ㑆ߦߪ଀ᐕ㧔౮
⌀5㧕ߩࠃ߁ߦᄢ߈ߥọ╭߇⃻ࠇߡ߅ࠄߕ㧘߻ߒࠈ
౮⌀8 ߩԘߩㇱಽߩࠃ߁ߦᴪጯᣇะߩᄢ߈ߥọ╭
߇⷗ࠄࠇߚ㧚ዊߐߥọ╭ߩ⊒↢ߪ⷗ࠄࠇߚ߇႐ᚲ߇
৻ቯߒߡ޿ߥ߆ߞߚ㧚
8㧚Outer bar
(1) ᵄ㐳
ߎߎߢߪ outer bar ߦߟ޿ߡᬌ⸛ࠍⴕ߁㧚㠽ข⍾ਐ
ᶏጯߪዋߥߊߣ߽  Ბߩᴪጯ⍾Ꮊࠪࠬ࠹ࡓࠍ߽ߟ㧚
ߔߥࠊߜߎߎ߹ߢ⺑᣿ߒߚᴪጯ⍾Ꮊ㧔inner bar㧕ߩ
ᴒ஥ߦ߽߁৻Ბߩ⍾Ꮊ㧔outer bar㧕߇ሽ࿷ߔࠆ㧚outer 
bar ߪ㜞ᵄᶉᤨߦߘߩ਄ߢᵄ߇⎈ᵄߔࠆߎߣߢሽ࿷
߇⏕⹺ߢ߈ࠆ㧚౮⌀9ߦߪ᳜✢㧘inner barߩᴒߦouter 
bar ߩሽ࿷߇⏕⹺ߢ߈ࠆ㧚౮⌀ਛߦ outer bar ߩ horn㧘
bayߩ૏⟎ࠍ␜ߒߚ㧚౮⌀10ߪ2005ᐕ2᦬߆ࠄ2006
ᐕ 9 ᦬ߩ㠽ข᷼᧲㒐ᵄႇࠍ⿠ὐߣߔࠆ 1km㧔ධർ㧕
4km㧔᧲⷏㧕ߩ඙㑆ߩ ARGUS ౮⌀ߢ޽ࠆ㧚౮⌀
ࠃࠅ outer bar ߪ޿ߕࠇ߽ᴒ஥ߦಲߥᒻ⁁ࠍ␜ߒߡ޿
ࠆ㧚
࿑10 ߪ౮⌀10 ߩ߶߷ਛᄩㇱ㧔㠽ข᷼߆ࠄ 2km
ઃㄭ㧕ߩ outer bar ߩ horn㧘 㧘 ߩᴪጯᣇะߩ૏⟎
ߩᄌൻࠍ 2004 ᐕ⑺߆ࠄ 2008 ᐕᤐ߹ߢ␜ߒߚ߽ߩߢ
޽ࠆ㧚Outer bar ߪ᳓ᷓ 4m ઃㄭߦሽ࿷ߒ㧘ᵄ 㜞߇ 3m
એ਄ߢߥ޿ߣߎߩઃㄭߢ⎈ᵄߒߥ޿ߚ߼㧘ᄐቄߦߪ
ARGUS ↹௝ߦ⍾Ꮊ߇⃻ࠇߥ޿㧚ߒߚ߇ߞߡᤐ߆ࠄ
⑺ߦ߆ߌߡߪบ㘑ߥߤߦࠃࠆᵄ߇ߥ޿㒢ࠅ⍾Ꮊߩ૏
⟎ࠍ⏕⹺ߔࠆߎߣ߇ߢ߈ߥ޿㧚ߒ߆ߒߥ߇ࠄ㧘Outer 
bar ߪᐕ㑆ࠍㅢߓߡ૏⟎㧘ᒻ⁁ߣ߽޽߹ࠅᄌൻߒߥ޿
ߩߢ㧘bar ࠍ⷗ࠆߎߣߩߢ߈ߥ޿ᤐ߆ࠄ⑺ߩᦼ㑆ߪ߶
߷ᄌൻ߇ߥ޿ߣផቯߐࠇࠆ㧚࿑߆ࠄ 㧔 ශ㧕㧘
㧔
٤ශ㧕ߣ߽ 4 ᐕ㑆ᄢ߈ߥ૏⟎ߩᄌൻߪߥ޿߇㧘ᐔဋ
⊛ߦߪ㧘ਔᣇߣ߽ 4 ᐕ㑆ߦ 150m ⒟ᐲ⷏ߦ⒖േߒߡ
޿ࠆ㧚 㧘 ߩ૏⟎ߩᴪጯᣇะߩቄ▵ߦࠃࠆᄌേߪ
౮⌀8 ọ╭㧔2007 ᐕ 1 ᦬ 10 ᣣ㧕
 
ͳ 
ͳ ʹ 
Outer bar 
Inner bar 
Shore line 
౮⌀9 Outer bar ߩ Horn㧘Bay 
15
㠽 ข ᄢ ቇ ᄢ ቇ 㒮 Ꮏ ቇ ⎇ ⓥ ⑼㧛Ꮏ ቇ ㇱ ⎇ ⓥ ႎ ๔ ╙㧠㧜ภ 
ฦᐕߣ߽ 200m એਅߢ㧘ᄌേ߇޽ࠆ႐วߢ߽㧗㧘٤
ශߩᄌൻߪ߶߷ᐔⴕߦᄌേߒߡ޿ࠆ㧚
࿑10 ߦߪ ߣ ߣߩᴪጯᣇะߩ〒㔌ߔߥࠊߜ
outer bar ߩᵄ㐳㧔ٌශ㧕ࠍวࠊߖߡ␜ߒߚ㧚࿑߆ࠄ
ࠊ߆ࠆࠃ߁ߦᵄ㐳ߪ 800m ߆ࠄ 1000m ߩ㑆ߢᄌേߔ
ࠆ߽ߩߩ 4 ᐕ㑆ᐔဋߒߡߺࠆߣᐔဋ୯ߪ⚂ 900m ߣ
߶߷৻ቯߒߡ޿ࠆ㧚౮⌀10 ߆ࠄࠊ߆ࠆࠃ߁ߦ࿑10
ߦ␜ߒߚ⍾Ꮊߩ⷏஥㧔㠽ข᷼஥㧕ߦ߽ 2 ߟߩᒐ⁁⍾
Ꮊ㧔outer bar㧕߇ሽ࿷ߔࠆ㧚
࿑11 ߪߎࠇࠄߩ⍾Ꮊߩ⚂ 3 ᐕ㑆ߦࠊߚࠆᵄ㐳ߩ
౮⌀10 㠽ข⍾ਐᶏጯߩ ARGUS ↹௝
16
17
18
91
 ภ㧜㧠╙ ๔ ႎ ⓥ ⎇ ㇱ ቇ Ꮏ㧛⑼ ⓥ ⎇ ቇ Ꮏ 㒮 ቇ ᄢ ቇ ᄢ ข 㠽
㧘ߕ߹㧚ߚߞߣࠍゲ ߦะᣇᐲ✲㧘ゲ ߦะᣇ߈ะㅒߦ
࠺᷹ⷰ✢᳜ߩಽㇱߩ mk  ಽඨ⷏ߩ⋡࿁ 1 ╙ߩᐕฦ
ࠃߦᑼ㗄ᄙᰴ 3 ߡߒኻߦ 㧘 ࠲࡯
଀㧚ࠆߔߣ ࠍᑼ㗄ᄙᰴ 3 ߩߎ㧚߁ⴕࠍૃㄭࠆ
✢᳜ߪ 㧘ߢ߆ࠄṖ߷߶ߪ✢ጯᶏߩ㗃᦬ 01 ᐕ
࠲࡯࠺㧚ࠆ߃ਈࠍૃㄭ޿ࠃߡߒኻߦะ௑ߥ⊛ဋᐔߩ
୯ߚ޿ᒁߒᏅࠍ ࠄ߆࠲࡯࠺᷹ⷰ SPG ߪᨆ⸃
㧚ߚ޿↪ࠍ 㧘
1 ᐕ 9002 ߣ㧘㧕✢ὐ㧔ᣣ 2 ᦬ 21 ᐕ 8002 ߪ 41࿑
߽ߚߒ␜ࠍ⁁ᒻߩ✢᳜ߩ࿐▸ߓหߩ㧕✢ታ㧔ᣣ 02 ᦬
㧘ࠅࠃ࿑㧚ߚߒ␜ࠍ㑆඙ߩ m  㧘ߢߩ
ㄭઃ m 0026㨪0045 ઁߩࡊࠬࠞߥߐዊߪ᦬ 21 ᐕ 8002
ߥㅴ೨ߩ✢᳜ߩㄭઃ m  㨪 㧘ㅌᓟߩ✢᳜ߩ
㐳ᵄߢၞో㧘ߪߦ᦬ 1 ᐕ 9002㧘ᣇ৻㧚ࠆࠇࠄߺ߇ߤ
ߩ⟎૏ߩ yab ߮ࠃ߅ nroh㧘ࠇ⃻߇ࡊࠬࠞߩ m ⊖ᢙ߇
m 0055 (ࠆ޿ߡߒ㆐ߦ m  ࠇߙࠇߘߪ᏷ᝄ
㆐ߦ m 08 ⚂ߪ〒✲ߩ㑆 yab nroh ߡߞ߇ߚߒ㧚)ㄭઃ
㧚ߚߒ
ߩ㑆඙ߚߒ␜ߦ 41࿑ߩᣣ 02 ᦬ 1 ᐕ 9002 ߪ 51࿑
㧕࡞࠻ࠢࡍࠬᢙᵄߩᒻ✢㧔ᨆ⸃ࠛ࡝࡯ࡈߩ࠲࡯࠺✢᳜
ߣ ᢙ 㧘ᵄࠅࠃ࿑㧚ࠆ޽ߢᨐ⚿ߩ
㐳ᵄߪࠄࠇߎ㧚ࠆ޿ߡࠇ⴫߇ࠢ࡯ࡇߥࡊ࡯ࡖࠪߦ
ߦ✢⚻ߪ✢ጯᶏ㧘߇ࠆߔᔕኻߦ m  ߮ࠃ߅ m 
ᄌߦ㐳ᵄߩะᣇጯᴪߢߩࠆ޿ߡ޿௑q02 ⚂ߡߒኻ
ᢙ ᵄ 㧔 m  ࠇ ߙ ࠇ ߘ ߣ ࠆ ߔ ឵
ᢙ ᵄ 㧔 m  ߮ ࠃ ߅ 㧕
࡞࠻ࠢࡍࠬᢙᵄߩࠄࠇߎ㧚ࠆߥߣ㧕
㧚ߚߒ࿷ሽߢ߹㗃ᧃ᦬ 1 ߪࠢ࡯ࡇߩ
ߢ௝↹ SUGRA ߩጯᶏਐ⍾ߩ㑆ᦼߩߎߪ 11⌀౮
߅ᣣ 3 ᦬ 1 ᐕ 9002)b(㧘ᣣ 72 ᦬ 21 ᐕ 8002)a(㧘ࠅ޽
ߕ޿ߪ⌀౮㧚ࠆ޽ߢ௝↹ߩᣣ 02 ᦬ 1 ᐕ 9002)c(߮ࠃ
)a(㧚ࠆ޽ߢߩ߽ߩ㑆඙ߩ m  ਅ਄㧘mk  ฝᏀ߽ࠇ
㧚޿ߥ޿ߡࠇ⴫ߪᕈ․ࡊࠬࠞߛ߹ߪߦ✢᳜ߪߢ⌀౮ߩ
ọ㧘ࠅ߅ߡࠇߐᚑᒻ߇╭ọߥ⏕᣿ߪߦਛᶏ㧘ߒ߆ߒ
޿ߡߒ࿷ሽߦ⟎૏ߓห߷߶ߢ߹㗃ߩ⌀౮ߩ)c(ߪ╭
ọߪߦ✢᳜㧘ߦ߁ࠃࠆࠇࠄ⷗ߦ⌀౮ߩ)b( ߚ߹㧚ࠆ
21㧘ࠅ߅ߡࠇ⴫߇ yab ߩࡊࠬࠞߡߒᔕኻߦ⟎૏ߩ╭
㧚ࠆ߆ಽ߇ߣߎࠆ޿ߡߒ㐳ᚑߦ╙ᰴ߇ࡊࠬࠞࠄ߆ᧃ᦬
ߢߩ߽ߩᩰᕈࠆߔ㆐⊒ߦ⟎૏ߚߒቯ࿕ߪ╭ọ㧘Ᏹㅢ
ߢࠬ࡯ࠤߩ 11⌀౮㧚ࠆߔേᄌߡߞࠃߦᶉᵄ㧘ߊߥ
ࠇߐᜬ⛽ߦᚲ႐ߓห߇╭ọߡߞߚࠊߦ᦬ࡩ 1 ߷߶ߪ
࿷ሽߩജߥ⊛࿷ẜߩ߆ࠄ૗ࠆߔᜬ⛽ࠍࠇߎ㧘ࠅ߅ߡ
9002 ,72 .ceD  )a(
9002 ,3 .naJ  )b(
9002 ,02 .naJ   )c(
௝↹ SUGRA 11⌀౮
02
 ൻᄌߩᒻ࿾ᐩᶏߩጯᶏਐ⍾ข㠽㧦৻⾫㊁ᄢ࡮ᤩ ᧛ᧁ
ߩᵄಽᚑߩߟ 2 ߦ߁ࠃߔ␜ߦ 51࿑㧚ࠆࠇߐቯផ߇
ಽᚑߩࠄࠇߎ㧚ࠆߥ⇣ߒዋ߇ᢙᵄߊߒ╬߷߶ߪ᏷ᝄ
ࠍᒻᵄ
ᢙᵄߥ⊛ဋᐔߩࡊࠬࠞ㧚ࠆߔૃㄭߦ߁ࠃߩ
㧘߇ࠆ޽ߢ㧕m  㐳ᵄ㧔 410.0 ⚂ߪ
ࠅ➅ࠍᒻᵄߢ㧕 ᢙᵄ㧔m  ߪࡊࠬࠞ
⍾㧔㔌〒ߩ᷼ข㠽㨪ᚭጤ㧘ߜࠊߥߔ㧚ࠆߥߦߣߎߔ㄰
ࡄߩߎ࿁ 3 ߢ㑆ߩ m  㧕᏷ᎹߩᎹઍජ㧗ጯᶏਐ
᧲ߩጯᶏߒߛߚ㧚ࠆߥߦߣߎࠆࠇߐ㄰ࠅ➅߇ࡦ࡯࠲
ࠬࠞߩߒ㄰ࠅ➅ߩߎ߼ߚࠆ޽߇ࡈ࡯࡝Ꮏੱߪߦಽඨ
㧚޿ߥߒ࿷ሽߪࡊ
セᲧߩߣᵄ egde㧚01
ߚࠊߦ᦬ࡩ 1 ߷߶߇࿷ሽߩᵄ egde ⶄ㊀ߪߢߎߎ
ߟߦᕈ⢻นࠆߥߣജࠆߔᜬ⛽ࠍ╭ọߦ 11⌀౮ߡߞ
㐳ᵄߩᵄ egde ߫ࠇࠃߦ]41[ trakcE㧚߁ⴕࠍ⸛ᬌߡ޿
㧚ࠆߔ࿷ሽ߇ଥ㑐ߩᰴߪߦ ᦼ๟ߣ
ข㠽㧚ࠆ޽ߢ㈩൨ᐩᶏߪ 㧘ᢙ࠼࡯ࡕߪ ߦߎߎ
ߒߣ㐳 㧚ᵄࠆ޽ߢ ⚂ߪ㈩൨ᐩᶏߩጯᶏ
㧚ࠆߥߦ߁ࠃߩ 1⴫ߪ ᦼ๟ߣࠆ޿↪ࠍ ߩ਄ߡ
㧘ߢߩࠆ޽ߢ s  ޘ㜞ߪ ߩᵄ኿౉ߩ᦬ 1 ᐕ 9002
ߩ߽ߩᵄ኿౉ߪᦼ๟ߩࠄࠇߎ㧘ߕࠄࠊ߆߆ߦ୯ߩ
ᵄ኿౉ߪᵄߩࠄࠇߎߡߞ߇ߚߒ㧚޿߈ᄢࠅߥ߆ࠅࠃ
8002 ߪ 21⌀౮㧚޿ߥߪߢߩ߽ߚߒ↢⊒ߦ⊛ᝄ౒ߣ
࠶࠲ࠬࡓࠗ࠲ߩ⟎૏ߩ m  ߩᣣ 13 ᦬ 21 ᐕ
ߔ⴫ࠍ㑆ᤨߪะᣇᮮ㧘㔌〒ߪะᣇ❑㧘ࠅ޽ߢ௝↹ࠢ
࠽㧔m  ߪ㜞ᵄ⟵᦭ߩᣣߩߎ㧚ࠆ޽ߢ௝↹
 retuo ߪᵄߥ߈ᄢߩ㜞ᵄ㧘ࠅ޽ߢ㧕᷼ጊᩊ㧦ࠬࠔࡈ࠙
ᵄߩᄢᦨߪߢ஥ጯࠅࠃ rab retuo㧘߼ߚࠆߔᵄ⎈ߢ rab
ߩ 21⌀౮㧚ࠆࠇߐቯផߣߩ߽ࠆ޽ߢቯ৻߷߶ߪ㜞
ⶄ㊀ߒ߽㧘ࠅ޽ߢߩ߽ߩ⟎૏ߩ yab ߩࡊࠬࠞߪ௝↹
ࠆߔᒰ⋧ߦ⟎૏ߩ⣻ߩᵄⶄ㊀߫ࠇߔ࿷ሽ߇ᵄ egde
⎈ߪ✢޿⊕ࠆࠇࠄ⷗ߦਛߩ௝↹㧚㧕]51[ ࠄ newoB㧔
ࠄ⷗ߦ௝↹㧚ࠆ޽ߢ〔゠ߩፄᵄࠆߔ᠞વࠄ߇ߥߒᵄ
ᴒࠅߥ߆߇⟎૏ᆎ㐿ᵄ⎈ߢᚲ߆ 2 ߩ஥ᴒߦ߁ࠃࠆࠇ
yab ߣ nroh ߩࡊࠬࠞߪ31⌀౮㧚ࠆ޿ߡߒ࠻ࡈࠪߦ஥
ߢ௝↹ࠢ࠶࠲ࠬࡓࠗ࠲ߩ㧕m  㧔⟎૏㑆ਛߩ
߈ߟࠄ߫ߩዋᄙߦὐᆎ㐿ᵄ⎈㧘ࠄ߆௝↹ߩߎ㧚ࠆ޽
߁ࠃߚߒㅀ਄㧚޿ߥߪߊ߈ᄢߤ߶ 21⌀౮߇ࠆ޽ߪ
ߢߩߚࠇࠄߺ߽ᵄ⎈ߩߢ⟎૏ rab retuo ߪᣣߩߎ㧘ߦ
ߩ rab renni㧘ߒᵄ⎈ߢ⟎૏ߩ rab ߪᵄߥ߈ᄢߩ㜞ᵄ
ὐᆎ㐿ᵄ⎈㧘ࠅߥߣቯ৻߷߶ߪ㜞ᵄߩᄢᦨߪߢ⟎૏
․ߩߎߪߦ 31⌀౮㧚ࠆࠇࠄ߃⠨ߣߩ߽߁ឥ߷߶ߪ
㧚ࠆࠇࠄߺ߇ᓽ
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